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The Adniralty Type Test Part I of the
Foden F,D.6 Mark VII engine is reported.

The engine was given an Admiralty Test
Rating of 186 beh.p. at 1,800 rep.m,

The test was oompleted during the
period April-lay, 1963,
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INTRODUCTION.

The engine tested was a turbocharged version of the Mark VI engine
(No. 4944). See A.E.L. Reports Nos. 365 and 369, After oonversion at
the maker's works it completed 157 hours running before delivery to the
laboratory.

: All major wearing componsnts had been renewed exoept the main
bearing shells and camshaft bearings. The single helical gearing was
Teplaced by straight spur; now part of the bduild of the Mark VI
produotion engines.

In order to avoid the thermal failures experienced in the Mark IV
test (i.B.L. Report No. 363) the fuel stop had beam set by the
manufacturers at an asoeptable limit,

Because of the results of the endurance test of the Mark VI engine

with OMD,412 lubricating oil (A.B.L. Report No. 369) it was agreed that
8hell Rotells T,30 be used for these tests.

ENGING DATA.
Vertical two-stroke, direot injeotion, oompression ignition engine,

exhaust turbo-charged and intercooled, with mechanioal supercharger in
series.

6 oylinders in line 3.62" (92 mm.) bore x 4.73"(120 mm.) stroke.

Maker's Rating (intermittent marine) 220 b.h.p. at 2,000 ¥.pems

Admiralty Test R‘m (W)l- 186 behepe at 1,8& PeDolke
PEQWCIPAL RESUIZS.

Aversge lubricating

A Fuel
Test Consuspticn  Ixhaust 011 Consusption
1b./b.h.po/hr,  SBAde 1b/hs. £ Fuel
72 hours at 9’ AJT.R. 00371 c 0.28 0.4
12 " "q00¢6 " 0.368 c - -
2 * "L 0.370 ss - -




TePolle beh.ps b;‘;:if'
Loop Tost 1,500  Lhe2 = 4M.7 4O = 155
» . 1,600 47.2 - 182.9 40 - 155
. . 1,800 53.4 = 210,0 40 - 159.6
" . 2,000 59,0 =~ 221.5 4O = 150
* " 2,100 62,0 - 232.5 40 - 150

For results see Tables 1 - 8 and Pigs., 1 - 6.

72 hours at m A.T.R, 1,“ TeDole 17607 b.h.p. 133 ’ol.io boln.opo

2 * %4008 * 1,800 * 186,0 * W " .

2 " L 11“ L 1,“ " 2“&06 bohcpo 15‘5 " "
TEST PROCEDURE. .

The engine was installed as received, solidly mounted on a test bed
inolined at 15° to the horisontal and ooupled through a oardan shaft to a
Heenan & Frouds DPXLD dynamometer. Distilled water was used the coolant

oirouit. Raw water inlet temperature was variable between 58 7and 83°F.
AE3T_DATA-
Tuel: 8.G. at 60°7 - 0.8356

Cetane No. - 59
Sulphur - 0N% ]

Shell Rotella T,30.
(Yor analysis see Table 9).

IRFECTS ARISITG DURING IROT.

A leakage of lubriocating oil from the camshaft rear bearing into the
tachometer gensrator oceaused failure of this unit, No other defeots ocourred.

SREBAL ERMARKS.
Soepatruption.

The oonstruotion and all main components of the Mark VII engine tested
were identical to the Mark VI engine, the principal modification being the
addition of the Holaset Model 4 turbo-charger with a two-eatry exhaust
manifold and air-charge intercooler mounted over the heat exchanger at the
R.E. 0ide of the engine (see Frontispiece). A modified small-end bush
vwhioh gives larger bearing area by the elimination of the intermal oil way
+0 supply piston cooling oil was fitted to the new oconnsoting rods. The
piston oil supply ie now fed from the outside of the small-end bdush, An
inoressed capacity ses water pump was also fitted, driven off the front end
of the camshaft,

Inbricating 0ils

The Holsst turbo-charger (see Fig.17) oonsists of an integral turbine
wheel and shaft to which 1is seoursd the compressor rotor. The rotating .
unit is oarried in a oentrully mounted core assemdbly with two engine oil
pressure fed sleeve bearings whioch are fully floating, Piston-ring oil
seals are fitted ocutboard of each bearing. -




3.
cessi t

Accessibility for routine maintenance is reasonable. The exhaust
manifold is insocessible without removing the oharge cooler, heat
exchanger and heat shield. An exhaust gas leak was experienced at the
Joint marrying the two-piece manifold which was not readily visible until
the engine was stripped, A piston ring seal is to be fitted at this joint
before oommencing the Part III test.

Stripping the engine for major overhsul is comparable to the Mark IV
engine. One mechanic and ons labourer ocan strip the engine when it is
mounted in an overhaul stand in 8 - 10 hours, rebuilding taking 14 - 16 hours.

Starting.

No diffioulty was experienced when starting the engine at normal
ambient temperatures.

It is intended to subject the engine to cold starting tests after the
ocompletion of the Part IIT test.

Siow Running.

The engine will idle satisfactorily when warm down to 320 r.p.z.
Yivretiop and Noige,

No undue vibration was experienced at any of the test speeds. The
noise level appesred oonsiderably less than the Mark VI engine and the

oxhaust noise level with the silencer supplied by the makers in series
with the test oell arrangement was just audible.

Cogbugtion.
The combustion characoteristics of the engine are good, as shown by
the condition of the exhaust ports and turbo-charger. Shading of the

exhaust was not visibls below 120 pessie Demse,pe at any of the test speeds,
and sensible shaling was only noticeabls at the maximum fugl stop position.

lubriosting 011

Samples of the Shell Rotella T.30 lubricating oil were analysed by
A.0.L, and results given in Table 9. Shell International Petroleum Co,
Ltd. also analysed a final sample with the following result:-

Viscosity Redwood I at 140°F (secs.) 233

Insolubles in n.Heptane wt, 1.6
» in Bensene wte 1.0
TeB.NoE. .‘om/‘o 3.2

They commented as follows:-

"The appreolable inorease in viscosity and signifiocant difference
between the n.Heptane and Bensens insolubles point to appreoiadble oxidation
of this oil charge. We would, however, be able to maks more useful comments
on oil deterioration in this engine when we have examined a series of samples
from an endurance run”.

Sondition After Test.

The ocondition of the engine after test reflects the thermal limitation
of the piston and smsll end asseably., Their appearance shows dsfinite
indications of overheating of the gudgeon pins and the eyes of the oomneoting
rods. The laoquer glase present on the liners and pistons is also thought
to be due to their high temperature combined with lubricating oil oxidation.
(See Table 9). Oxidation of the oil may be in part attributable to the
turbo~charger, in shich hot compressed air ia bled into the bearing oil space

LS e e e o




4.

to prevent gas leakage. This could lead to foaming of the oil in the
return pipe and oxidation.

It was observed that the pistons appeared to be hotter at the drive
ond of the engine remote from the oil feed, An inorease in the main oil
flow should improve this ocondition, X .

The condition of the oylinder heads was in general satisfactory,
observing that the heads of the Mark VI engine showsd some distress after
the endurance test (see A.E.L, Report No. 369), The wear (0,0003" max.)
experienced on the gudgeon pins war acceptable for the loading and hours
run to date (309) and shows considersble improvement when coapared with
the Mark IV and Mark VI engines. No other major ocomponent showed
appreciable wear, except the top of the valve stems indiocating the non-
rotation of the valves.

The condition of the Roots blower, partially stuck at the end of the
test, was attributed to the effeot of the high air temperature on the
grease used in assemdbly.

The oondition of the Holset turbo-charger was satisfaotory and
reflected the clear combustion condition of the engine exhaust. The
injector needles showsd evidence of blow-by which was considered to be
due in part to the loss of setting pressure probably dus to spring
settling, It was established that the nossles had not been re-set
sinoe they were initially fitted and had been in use for 3509 hours.

EUTURE [RVELOPAENT.

Three non-ferrous prototype oylinder heads with insert valve seats
and valve rotators are to be introduced for the Pert III test. The
lubricating oil flow rate is to be inoreased. A more effiocient inter-
oooler 1is to be tried in order to reduce the inlet air temperature.

CONCHIBIONS,
1 The turbo-charging of the Mark VI engine has oonsidsrably inoreased
its power and improved the power/weight ratio. It oar be recommended for
Adniralty service for a 125 kKN generator application,

2, This engine requires a high quality lubricating oil.

BeJe w.ﬁl’ Sen.Sc.Asst,
K.E. Foster, So.Asst.

Subnitted by W.H. R‘y, P.8.0,

r~
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SPECIFICAT c RT.

Malker: Messrs. Podens Ltd., 8andbach, Cheshire.

Type: Vertical two-stroke, direct injeotion, compression ignition
engine, exhaust turbo-ocharged and intercooled with mechanical
supercharger in series.

Type No.: F,D.6, Mark VII.

Purpose: Vehiocle and Marine propulsion, Generator duties.

Maker's Continuous Rating: 200 b.h.p. at 2000 r.p.m. (B.S. 2953).

Admiralty Teat Rating: 186 behep. at 1800 r.p.m.

No. of Cylinders: Six.

Bore: 92 mm., 3,622" dia,

Stroke: 120 mm. 472"

Total Swept Volume: 4.8 litres. (293 ou.ins.).

Compression Ratio: 14 : 1 approx.

Piston Speed: 1575 £t./min. at 2000 r.p.m.

Firing Order: 1, 5, 3, 4, 2, 6.

Iunbricating 01l Capacity: 5 gal.

Rotation Looking on Free End: Clockwise.

Timings:
In.‘l.ot Port opens l..} before B.D.C.
" oloses l..} after B.D.C.

E:du\ut Valve opens 80° before B.D.C.
" oloses L2 after B.D.C.

Injection (static) begins 29° before T.D.C.
Tappet Clearance:  0,010" (c0ld).

Overall Dinensions:
Length l.' »
width '
Height above onnklhd't 2! a;
Depth below orankshaft '
Yeight: 1680 1b, (dry) without gearbox.

Wt./b.h.p. at 200 beh.ps rating 8.4 1b,
Nt./ou.:l.n./Snpt Volume Se7h 1b,
.h.p./mtr. ‘.-1 07 ‘t 200 b.h.p. l‘lti.n‘o
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IABE 6.

72 BOR3 ENDURANCE TEST, 5% AeTeRe  176,7 DeboDa 133 DoSole Delo@ope 1800 ropems
18¢ and 3rd =
Averege 2 Hours | 2 Hours | 24 Hours| Hours
Pual Conswmption  1b. /Vehepe /M, 72 an 197, %7,
Exbsust Shade [+ [ C [+
tiain Pressure pes.i. i y2 42 42
In 32 30 229 230
Lubricating 011 Tewp. °F oot 23 22 22 22
° In 159 158 155 157
Coalant T ot 17 169 166 168
In 7 y,] . n
Raw Water Tap,°F Out of Intercsoler & & & &
Out of Heat Exchanger 120 120 116 119
m  Mesn Tep.'r &9 asl 852 &5
Turdine Mo Press.Clig. 17.0 16,7 16.7 16.8
Exhaust
Ces ouy Mesn Top. °F 699 697 696 697
Press. *Hg0 U6 46 4.6 be6
8peed repeie 47,52 .h2h 47,333 | L7.426
Turbo-Charger Lubricsting 011 Press. pesel. 55 55 55 55
Depr. *H0 ({4] 6o 5.9 5.9 6,0
mu or | out  Temp.oP 19 186 186 187
r
Press. Ratio P2/P1 155 1.54 'osh 154
Alr Plow 0. ol 520 517 517 518
In To.°r 18 16 14 16
Press. *ig. (P2) 15.8 15.5 15.4 1546
Rocts Blower Boost Alr
o TEeF % 73 73 1]
Press. *Rg. 57 2.3 5.2 5.4
Abiert Tespersturs °F N ™ ” 4]
Barameter "Ng. 29,5430, 38
011 Conmmption 18 pints. 1%9 1b, 0,28 . /e Ol fuel,




TARLE 2.

WO 1008 AsToR, 186 bohepe 10 Poele Dells®sPe 1800 repoie
18t and 3rd 12
Averegs LBours 4 Bours 4 Hours
Fuel Conpumption 1be/behepe /hrs 369 367 367 .
Exhaust Shade C [+ ¢ c
Main Pressure pesel. 42 i 2
P In 230 256 31 2
Lubricating 011 Twp.0r | et prrs o0
In 156 160 154 1
Coolant ‘l‘q."l out ‘65 171 166 16
in 69 % o ”
Rew Water Tap.%7 | out of Intercooler n & n »
Out of Heat Exchanger 13 120 114 116
In Hean Temp.°? &% 890 L] 882}
Turbine Neen Press,’ig. 175 174 12.5 17.5
Exhaust ry N
Osa Mean Temp.'F 71 Y14 ™ N9
*° Press. ' 18 9 9 P
Speed PePels MJ&S ‘08.5" ‘07'73 108.21‘0
Turbo-Charger Lubricating Of1 Press. pes.ie 55 55 55 55
Conpressorf Out Tomp, °F 195 203 9% £
Afr
Press. Ratio P2/P1 157 1.57 157 1.57
Alr Flow c.fom, 528 528 528 528
In Temr 1us 122 25 27
"ng. 1 1 1 1
Noots Socet Alr Press.*ig. (P2) 6.4 63 3 3
ot Tenp. P 1% 170 "% "5
Press. *ig. 2.3 26.0 6.2 6.2
Msblent Tepersture °F r 82 ' *

Baromster *Ng.

20,00~30, 0l




IARIE 8.

2EGRS OVERLOMD TEST. 110K AsTeRe 20406 DohoDe 154 Desole Domedope 1800 Topom.
Average 18t Bour 2nd Hour 2 Hours
Pusl Consusption  1b, /Dehepe /M, ¥369 n 370
Exhaugt Shade 88 88 88
Main Pressure pes.i. A} i (1)
In 242 a2 a2
Lubrioating 011 Tap.°F ot 26 =5 26
In 162 162 162
Coolart .7 | on 17 5 75
In ] » y 4l
A Weter Tep.°F | Out of Intercooler & & &
Out of Heat Exshanger 120 120 120
Mean Temp. °r 93 X ] 96
Turbine | I0
. Mean Press."ig. 19.4 196 195
Ong oy e Temp. %7 763 %S %k
. Press, R0 (¥ Sels Sk
8peed TeDele 51,360 51,570 51,465
Turbo-Cherger Lubricating O Press. pos.is sh Sk sh
n Temp.°r % & 1]
Depr. !L;O 1) 6.8 69 69
roe mt  Tep.’r 28 20 s
Press, Ratio P2/P\ 1.2 1,25 1.3
Alr Flow Gofela 552 552 552
i Tew.'r 125 126 126
Press."ig. (P2) 1%0 154 1%2
ol e Tep. 7 10 180 180
®  press.'s. 26,6 2.0 8.0
ssbiers Tesperature °r ” % ®0
Baremster °ig. 30,00




TABLE 9.

SHELL R 0 CATING OIL ANALYSIS.

Hours Run by Sample Unused 152
Plash Point °F. M5 435
Viscosity Kinematio at 100°F o.s. 111.6 172
Pentans Insclubles % - 0e35
Bensens Insolubles % - 0e24

ACIDITY (Eleotrometric Titration)

Initial pH 8,2 5¢5
Total Acid Number pHi1 ug.KOH/g. 1,02 bt
Total Base Number pH & " " 8.6 0.85
Carbon Residue (Ramsbottom) % 1.3 2,66
Sulphated Residue % 143 1.;19
Vater % N1 “;:m“‘“

A.0.L, Reference No, 4,075/62 660/63
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A.EL. REPORT NO.37S.
FRONTISPIECE.

FODEN F.D.6. ENGINE.




A.E.L.REPORT NO.375.

FIG.7.
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A.E.L.REPORT NO.37s.
FIG.8.

PISTONS AND GUDGEON MINS.

FIG.8.
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A.E.L. REPORT NO.27s.

FIG.9.
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A.E.L.REPORT NO.375.
FIG.IO&I].

F1G.10. REPRESENTATIVE EXHAUST VALVES.

FIG.11. VALVE STEM ENDS.




3 4
INJECTOR NEEOLES.

A.E.L. REPORT NO.37/0.
FIG.12.




A.EL.REPORT NO.375
FIG.13 & 4.

FIG.I3. TURBINE CASING NOZZLE RING AND WHEEL .

FIG.I14 TURBINE HOUSING.




A.E.L.REPORT NO.375.
FIG.I1S & V6.

F1G.15. COMPRESSOR ROTOR AND HOUSING.

FIG.16. COMPRESSOR EXTENSION.




A.E.L. REPORT NO.375.
FI1G.17
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